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electronic circuitry (3). The entire 
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the vibrator (7), is housed in a unit 
which is arranged partly outside 
the skull bone and anchored by 
means of osseointegration. The 
power to the implantable part (5) 
is transmitted by induction from 
the external part (1) when the 
device is used. 
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Bone Conducing hearing aid 

The present invention relates to a hearing aid device of 
the bone conduction type, i e a hearing aid device by 
5 which the sound is transmitted via the skull bone directly 
to the inner ear of a person with impaired hearing. The 
hearing aid device is divided into an implantable part 
which comprises a vibrator for generating vibrations in 
response to the received sound information and an external 
10 part with a microphone and electronic circuitry* 

For persons with impaired hearing, the hearing aid devices 
mainly used today are those based on the principle that 
the sound is amplified and fed into the auditory meatus 

15 and stimulates the eardrum from the outside. In order to 
prevent feedback problems in these devices, the auditory 
meatus is almost completely plugged by a hearing plug or 
by the hearing aid device itself. This causes the user a 
feeling of pressure, discomfort, and sometimes even ecze- 

20 ma. In some cases it even causes the user problems like 
running ears due to chronic ear inflammations or infec- 
tions in the auditory canal. 

For persons who cannot benefit from traditional, air con- 
25 duction hearing aids due to such problems that have been 
described here it is previously known to use hearing aids 
which leave the auditory meatus free, see for instance US 
5,411,467 and US 5,318,502 which hearing aids are both 
connected to the middle ear. Such a connection, however, 
30 requires a surgical operation in the middle ear which is a 
relatively complicated procedure. 

By US 5,282,858 and US 4,988,333 it is also previously 
known to install a part of the hearing aid device on the 
35 middle ear bones. Although such a solution leaves the au- 
ditory meatus free, it nevertheless gives rise to an ex- 
tensive surgical installation procedure on the middle ear 
bones. These types of hearing aids have therefore not been 
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used to- any large extent. 

However, there are other types of sound transmitting hea- 
ring aids on the market r i e bone anchored hearing aids 
5 which mechanically transmit the sound information to a 
persons inner ear via the skull bone by means of a vibra- 
tor • The hearing aid device is connected to an implanted 
titanium screw installed in the bone behind the ear and 
the sound is transmitted via the scull bone to the cochlea 
10 (inner ear) r i e the hearing aid works irrespective of a 
disease in the middle ear or not. The bone anchoring prin- 
ciple means that the skin is penetrated which makes the 
vibratory transmission very efficient. 

15 This type of hearing aid device has been a revolution for 
the rehabilitation of patients with certain types of im- 
paired hearing. It is very convenient for the patient and 
almost invisible with normal hair styles. It can easily be 
connected to the implanted titanium fixture by means of a 

20 bayonet coupling or a snap in coupling. One example of 
this type of hearing aid device is described in US Patent 
No. 4,498,461 and it is also referred to the BftHA® bone 
anchored hearing aid marketed by Entif ic Medical Systems 
in GSteborg. 

25 

Even if the bone conduction hearing aid devices have made 
it possible for moire people to benefit from a satisfactory 
hearing aid, there are also problems with this type of he- 
aring aid devices. One problem is the permanent skin pene- 

30 tratipn which requires a good hygienic control and has 
aesthetic drawbacks. By implanting parts of the apparatus 
hygienic as well as cosmetic aspects can be improved. Such 
a construction is described in US Patent No. 4 r 904 f 233. A 
similar implantable bone anchored apparatus is also de- 

35 scribed in Hearing by Bone Conduction, Stefan Stenfelt r 
Chalmers University of Technology, 1999. The problem with 
these constructions is still that either a permanent skin 
penetration, a deep surgical operation, is required, or it 
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makes it more difficult to replace the implanted part of 
the apparatus • 

The main object of the present invention is to amplify the 
5 sound and convey it via bone conduction into the inner ear 
without the requirement of a permanent skin penetration, 
or a high pressure force against the skin or a complicated 
surgery for the installation. Another object of the inven- 
tion is to provide a hearing aid device which makes it 
10 possible to replace the implantable part without any com- 
plicated surgical operation. 

According to the invention the implantable part with the 
vibrator is arranged partly outside the skull bone and an- 
15 chored by means of osseointegration, whereby the power to 
the implantable part is transmitted by induction. 

According to a preferred embodiment the external part com- 
prises a battery for the power supply of the devicq, whe- 
20 reby the power to the implantable part is transmitted from 
the external part by induction when the device is used. 

According to an alternative embodiment the implantable 
part comprises a rechargeable battery for the power supply 
25 of the implantable part, which battery is arranged to be 
recharged by induction from an external power supply unit. 

In the following the invention will be described more in 
detail with reference to the accompanying drawings, in 
30 which 

figure 1 shows the principle for the hearing aid device, 

figure 2 shows an alternative construction with a separate 
35 osseointegrating part, 

figure 3 shows an alt rnative solution with a separate 
connection screw. 
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figure 4 shows an example having more attachment points, 
and 

5 figure 5 shows a further variant with implanted power sup- 
ply. 

Figure 1 shows schematically the auditory organs with ex- 
ternal ear, auditory meatus, middle ear and inner ear. The 

10 hearing aid device is anchored in the skull bone, prefera- 
bly in the mastoid bone behind the external ear, and com- 
prises two separate parts, an externally located part 1 
and an implanted part 5. The sound is received by the ex- 
ternal part 1 via a microphone 2 and is then amplif ied and 

15 filtered in an external electronic circuitry 3 which is 
power supplied by a battery 4. The amplified signal is 
transmitted by induction or by any other known means 
through the skin 13 to the implanted part 5. 

20 To use inductive transmission through the skin of an audi- 
tory signal is previously known per se by other types of 
hearing aid devices, see for instance US patent No. 
4,606,329. In this case the signal is transmitted to a 
subcutaneous ly arranged signal receiving and transmitting 

25 component (30) and conveyed via electrodes (34> through a 
channel in the bone to transmitting means (36) and a vi- 
bration generating component (50) adapted to be implanted 
in any of the small bones in the ossicular chain in the 
middle ear for vibrating the ossicular chain in response 

30 to the received electromagnetic signal. In contrast to 
such an ossicular stimulating device with the advanced 
surgery required, in our case the entire implanted part, 
including the vibrator 7, is housed in a unit, "box", 
which is arranged partly outside the skull bone and which 

35 makes it exchangeable. The induction transmitted signal is 
received to the vibrator 7 via electronic circuitry 6 in 
which the electrical signal is converted into vibrations 
in the same unit 5. As the implanted unit 5 is anchor d 
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into the skull bone by means of an osseointegrated part 8 
the vibrations from the vibrator 7 are in our case trans- 
mitted to the inn r ear 14 by bone conduction without any 
other surgery required than a minor adaption of the bone 
5 tissue surrounding the implanted unit 5. 

The osseointegrating part 8 can be a part of the wall of 
the unit 5 which part of the wall surface allows bone to 
grow into contact , i e osseointegration. However, at least 

10 20 % of the bone adjoining surface should be adapted for 
non-bone ingrowth in order to facilitate replacement of 
the implanted unit 5. The implanted unit is preferably ar- 
ranged in such a way that the osseointegrating part re- 
mains anchored in the bone when the unit is replaced. In 

15 this case the implantable unit 5 is connected to the osse- 
ointegrating part 8 by means of for instance a screw 
joint. 

The design of the osseointegrating part is adapted to the 
20 anatomy of the patient in order to more efficiently trans- 
mit the vibrations to the skull bone. The osseointegrating 
part 8 is preferably a titanium screw, a so called fixtu- 
re. The screw can be made in different lengths so as to 
match the anatomy of the patient. 

25 

Vibrators for bone conduction hearing aid devices are 
known per se and will therefore hot be described in any 
detail here. One example of such a vibrator with means for 
damping the resonance frequency of the vibrator is descri- 
30 bed in SE 85.02426-3. Other suitable vibrators which are 
encapsulated and rotation symmetrical are described in our 
co-pending patent applications PCT/SE01/01227 and 
PCT/SE01/01228. 

35 Independent of which vibrator type is used it should be 
placed as close to the osseointegrating part as possible 
in order to optimize the vibratory transmission to the 
skull bone. The implantable unit is for example made as a 
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circular symmetrical box in which case the vibrator is po- 
sitioned against the skull bone/titanium fixture, while 
electronic circuitry and possibly th battery are positio- 
ned at the skin side* In the more flat, elongated unit 
5 which is illustrated in figure 1 the vibrator 7 is located 
centrally in connection to the osseointegrating, protru- 
ding anchoring member 8. 

The power which is required for driving the vibrator 7 is 
10 transmitted by induction to the implanted unit. Alternati- 
vely the power could be stored in a rechargeable battery 9 
arranged in the implanted unit 5, see figure 5. 

The external part 1 is preferably attached by means of 
15 magnetic force action between the external and implanted 
parts. The magnet 10 can be located in the external and/or 
in the implanted part. 

If the implantable unit 5 is provided with a rechargeable 
battery it is not necessary that the external part is lo- 
cated in connection to the implanted unit. It may be loca- 
ted at any remote place on the body of the user, for in- 
stance in the breast-pocket of the user, in which case ra- 
dio, FM or AM transmission is used. 

The implantable unit 5 of the hearing aid device can be 
designed in such a way that the osseointegrated part 8 is 
remained in the bone when the implanted unit is replaced. 
In this case the unit is attached in a screw hole in the 
osseointegrated part 8, see figure 2. As an alternativ the 
implantable unit can be attached by means of a separate 
connection screw 11 screwed ijito the screw hole in the os- 
seointegrated part 8 r see figure 3. 

35 The implantable unit can also, alternatively, be attached 
to a number of osseointegrated parts 8, for instance tita- 
nium screws, in the bon , which case is illustrated in fi- 
gure 4. 
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A further variant is illustrated in figure 5 in which the 
battery for the vibrator is placed in the implantable 
unit, i e "implanted power supply n . In this case the bat- 
5 tery should be rechargeable and recharged by means of in- 
duction from an external power supply unit. 

The invention is not limited to the examples which have 
been illustrated here but can be varied within the scope 
10. of the accompanying claims. 
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CLAIMS 

1. Hearing aid device of the bone conduction type r i e a 
hearing aid device in which the sound is mechanically 

5 transmitted via the skull bone directly into the inner ear 
of a person with impaired hearing, said hearing aid device 
being divided into an implantable part which comprises a 
vibrator for generating vibrations corresponding to the 
received sound information and an external part with a mi- 
10 crophone and electronic circuitry characteriz- 
ed in that the implantable part (5) with the vibrator 
(7) is arranged partly outside the skull bone and anchored 
by means of osseointegration, whereby the power to the im- 
plantable part (5) is transmitted by induction. 

15 

2. Hearing aid device according to claim 1 charac- 
terized in that the external part (1) comprises a 
battery (4) for the power supply of the device , whereby 
the power to the implantable part <5) is transmitted from 

20 the external part (1) by induction when the device is 
used. 

3. Hearing aid device according to claim 1 charac- 
terized in that the implantable part (5) compri- 

25 ses a rechargeable battery (4) for the power supply of the 
implantable part (5) r which battery is arranged to be re- 
charged by induction from an external power supply unit. 

4. Hearing aid device according to claim 1 charac- 
30 terized in that the entire implantable part, in- 
cluding the vibrator (7) r is housed in a unit (5) which is 
arranged substantially outside the skull bone and therefo- 
re exchangeable. 

35 5. Hearing aid device according to claim 4 charac- 
terized in that the implantable part (5) compri- 
ses at least one osseointegrating part (8>, while at least 
20 % of the bone adjoining surface of the implantable part 
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is adapted to avoid bone ingrowth. 

6. H aring aid device according to claim 5 charac- 
terized in that the osseointegrating part compri- 

5 ses a part (8) protruding from the unit (5). 

7. Hearing aid device according to claim 6 charac- 
terized in that the protruding part (8) is deta- 
chable from the unit (5) so that it can be remained in the 

10 bone in case of replacement of the implanted part. 

8. Hearing aid device according to claim 7 charac- 
terized in that the osseointegrating part (8) is 
provided with a screw hole into which tfce implantable part 

15 can be fastened. 

9. Hearing aid device according to claim 8 charac- 
terized in that the implantable part (5) is ar- 
ranged to be fastened by means of a separate connection 

20 screw. 

10. Hearing aid device according to claim 7 charac- 
terized in that the osseointegrating part compri- 
ses a separate titanium screw, a so-called fixture. 

25 

11. Hearing aid device according to claim 5 charac- 
terized in that implantable part (5) is anchored 
in the skull bone with more than one osseointegrating part 
(8), preferably titanium fixtures. 

30 

12. Hearing aid device according to claim 1 charac- 
terized in that external part (1) is a unit which 
comprises microphone (2), electronic circuitry (3) and a 
battery (4) and attached to the skin outside the implanted 

35 part (5) by means of a magnet (10). 
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13. Hearing aid devic according to claim 3 charac- 
terized in that the external part (1) is a unit 
which comprises microphone (2) and electronic circuitry 
(3) and may be located at any place on the body of the 
5 user relative to the implanted part (5) r for instance in 
the patient's breast-pocket, in which case the transmis- 
sion is made by a radio, FM or AM signal. 

10 
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